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Work outline 27 Study of the Missouri River basin, it became apparent to those involved in that study that the Platte River basin in Nebraska would require a more detailed study to investigate complex problems before further project or program implementation studies could be initiated. As a result, a detailed "Level B" study of the Platte River basin in Nebraska was begun.
The Level B study is a Federal and State interagency effort to formulate a comprehensive plan for the conservation, development, and management of the water and related land resources of the Platte River basin of Nebraska. The technical information for the Level B study will be provided by 14 task forces. This report describes the work of the Stream-Aquifer Hydrology Task Force, designated as Task Force 13.
This task force will provide those Federal and State agencies participating in the Level B study with a quantitative description of the operation of the hydrologic system in the Platte River basin. In order to make this description, a digital model will be developed to simulate the physical character and operation of the stream-aquifer system. After the model has been tested and calibrated with field data, it will be used to evaluate the effect of proposed water projects on the ground-water and surface-water system.
The approach for this study is summarized as follows:
1. Assemble and analyze all available hydrologic data needed to define the stream-aquifer system.
Develop a preliminary digital model of the basin.
3. Collect data to refine the model. The plan of study for the task force as given in this report was reviewed and approved by these agencies at a meeting in Lincoln on July 7, 1972. The Geological Survey is the lead agency for Task Force 13 and has the major responSibility for completing the study. The Conservation and Survey Division of the University of Nebraska and the Bureau of Reclamation (Grand Island, Nebraska, office) will be relied on to make major contributions.
The contribution to be made by the Conservation and Survey Division is summarized as follows:
1. Compile and plot the following data on preliminary maps-- 2. Verify data by fieldwork, as necessary.
3. Collect additional field data in areas selected for detailed modeling.
4. Prepare detailed maps for specific areas of interest.
5. Provide consultation services regarding application of data to the model.
The contribution to be made by the U.S. Bureau of Reclamation is summarized as follows:
1. Supply basic hydrologic data.
2. Update existing hydrologic studies for proposed USBR projects.
3. Update and modify computer programs.
4. Participate in the design, calibration, and use of the digital model of the Platte River basin.
Other major phases of the investigation will be accomplished by the U.S. Geological Survey in collaboration with other agencies and task forces on items of mutual concern.
The Level B study area is the part of the Platte River drainage basin that is within Nebraska ( fig. 1 ). It extends the full length of Possibly as much as a third of the volume of Quaternary deposits consists of coarse-textured alluvium, and the remainder consists of fine-textured alluvium, dune sand, loess, and glacial drift. In the Platte River valley and other principal valleys, coarse-textured alluvium is either exposed or thinly covered by loess; but in upland areas, it generally is more thickly covered by fine-textured alluvium, loess, or glacial drift.
The Ogallala Formation, which is the uppermost of the Tertiary stratigraphic units, and the alluvium of Quaternary age are the principal aquifers. Where the alluvium directly overlies the Ogallala, the two constitute a single aquifer. Throughout a large part of the Platte River basin, these aquifers supply large amounts of ground water for irrigation, municipal supply, and industrial use. Shaffer (1972, p. 43, 51, 55) estimated that pumpage from these aquifers for irrigation, urban, and rural domestic and livestock use in 1970 amounted to about 1.5 million acre-feet.
The sandhills region is hydrologically important because the sand so readily absorbs precipitation that virtually no overland runoff occurs. was consumed through evapotranspiration or was added to ground-water storage cannot be estimated from the available data. Large variations in the percentage that is added to ground-water storage occur from year to year; but over the long term, it is estimated to be at least 7 percent.
Geographically the percentage differs greatly. For example, as much or more than 25 percent of the precipitation in the sandhills region may be added to storage, but only a fraction of 1 percent of the precipitation percolates into the western tablelands. A fairly large percentage of the precipitation on valley lands also is added to ground-water storage.
Although not measured, evapotranspiration probably ranges from less than 75 to more than 99 percent of the average annual precipitation. However, the total quantity of water consumed in some years by evapotranspiration is considerably greater because some of the water thus consumed is from holdover storage in surface reservoirs or as soil moisture. The difference, 42 million acre-feet, between outflow and the sum of inflow, precipitation, and decrease in reservoir storage is assumed to be that part of the 1970 precipitation that was returned to the atmosphere by evapotranspiration, was incorporated into plant and animal tissue, or was added to soil-moisture or ground-water storage. Of these, evapotranspiration was the greatest by far. Some water that is lost from the basin could be retained for bene- As shown in figure 3 , development of ground water for irrigation is extensive in both valley and upland areas, particularly in the eastern two-thirds of the basin. A few ground-water developments adjacent to the Platte River, specifically for municipal use at Grand
Island, Fremont, Lincoln, and Omaha, were designed to insure a perennial water supply by inducing surface water to recharge the aquifer. Other developments in valley areas have accomplished this inadvertently. In some areas, particularly in upland parts of the basin, ground-water developments have caused water levels in wells to decline progressively.
In such areas, water is being withdrawn from storage. Some water users in those areas are considering the importation of surface water to augment their water supplies.
Irrigated acreages and estimated amounts of water used for irrigation in 1970 (Shaffer, 1972, p. 40, 43) Even though development of irrigation has done much to increase crop production, stabilize agriculture, and promote agriculturalsupport business, it has caused some detrimental effects. In some places where surface water is used, agricultural land has become waterlogged because the water table has been raised to, or nearly to, the land surface. Problems of soil salinity have developed in some such waterlogged areas. Furthermore, irrigation return flows contribute to increased mineralization of the receiving streams.
Use of ground water in some upland areas has caused a lowering of the water table below the depth reached by shallow wells and has necessitated deepening of those wells. Any such lowering of water levels also has prompted concern that ground-water supplies are being depleted. Although significant depletion of streamflow by pumping from wells has not been demonstrated, many users of streamflow are fearful that low flows that are maintained by ground-water seepage will diminish and eventually cease. A benefit of pumping in areas of shallow water table is the salvaging of water that would otherwise be lost to evaporation or be used by nonbeneficial vegetation.
Other consumptive uses of water in the basin are for urban, rural domestic and livestock, and industrial supplies. Nonconsumptive uses are for cooling at fuel-electric power plants, the generation of hydroelectric power, and recreation.
The quantities in the following statements are from Shaffer (1972, p. 54-58) .
Urban There has been considerable speculation regarding estimates of the relative effects of pumping on streamflow and on water loss by evapotranspiration. Some believe that streamflow already has been depleted appreciably by pumping from wells, others are convinced that the depletionary effects now are small but will become increasingly significant with time, and a few seem sure that the depletionary effects never will be a cause for concern. The stream-aquifer models proposed for construction by this task force should be so designed that all tangible factors are evaluated and the depletionary effects caused by pumping from wells and by surface-water manipulations are defined convincingly. Only then can planning for additional water-resource developments proceed with confidence.
Some of the assumptions for the stream-aquifer models are:
The ground-water system is considered as a single unconfined aquifer consisting of Pleistocene and Pliocene rocks. Underlying bedrock is relatively impermeable.
The aquifer is hydraulically connected to the Platte River and other major tributaries.
Ground-water recharge is from applied irrigation water, precipitation, and canal and tributary leakage.
Ground-water discharge is by underflow, pumpage, evapotranspiration, and seepage to streams.
Water can be salvaged from evapotranspiration by lowering the water table.
Ground-water recharge is not increased significantly by lowering the water table.
Evapotranspiration from the water table is mainly a function of depth to water.
Transmissivity is not affected appreciably by changes in saturated thickness caused by lowering of the water table.
Possible uses that can be made of the models are:
Evaluation of the effects of proposed water-resource projects 1. Conjunctive use of ground water and surface water.
2. Improved water development and delivery.
3. Other uses--modification of model to fit special planning or special constraints on water development and to permit evaluations in multiobjective planning.
G. (Fiscal Year 1974-75) Preparation of a plan for continuing studies.
These studies are necessary to complete the model in a current status so that it will be available for use in evaluating new plans or modifications of plans. The continuing study should also consider the need for evaluation of the quality of both ground water and surface water. A constraint on future management plans will probably be the effect of development on water quality. It may be necessary to model the quality of both the ground water and surface water and Available data
The quality and quantity of available data describing the hydrologic framework of the study area varies considerably from one location to another throughout the study area. The same is true of information regarding natural hydrologic processes as well as man's use of the water resources.
All data, unpublished and published, relating to the hydrology of the study area will be evaluated. In addition, other Level B task forces will provide new data as input to this study.
